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Presentation Framework

What problem are we trying to solve?
What are the current objectives of the TCR?
Are these objectives still appropriate?

To what extent do the provisions of the existing
regulation, as enforced, address the objectives?

Next page...





Presentation Framework

How well do systems comply with provisions of the
rule that are meaningfully linked to the objectives?

How do we improve upon the elements of the rule
to meet the objectives at a reasonable cost?

What else do we need to learn?
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This Meeting’s Presentations

Objectives

Total Coliform Rule Within A Safe
* Drinking Water Act Context

Provisions
System compliance

Improvement

Research





Overview

Provide an overview of SDWA legislative
framework for drinking water regulations

Describe some of the regulatory approaches
available under SDWA and how they have been
used in the other applications

Summary of TCR

Convey how other SDWA rules relate to the
TCR objectives






Background

SDWA provides the framework for regulating
contaminants that pose a public concern when
present in drinking water

That framework consists of determining:

Whether a contaminant that is likely to occur in
drinking water poses a risk to public health

What level of removal can be achieved with available
technology

Setting either an enforceable limit or a required
practice to assure cost-effective control of the

contaminant





Six-Year Review

1996 SDWA Amendments established six year
“review and revise, as appropriate” schedule for
NPDW regulations

Revisions shall “maintain, or provide for greater,
protection of the health of persons”

In 2003 EPA found that it was appropriate to review
and potentially revise the TCR






Regulation of Public Water
Systems

EPA regulates contaminants that the Administrator
determines:
May have an adverse effect on the health of persons,

Are known to occur or there is a substantial likelihood of
occurrence with a frequency and at levels of public health
concern, and

Are determined to present a meaningful opportunity for health
risk reduction if regulated

Regulation may take the form of a
Primary standard (MCL or Treatment Technique)
Secondary standard

Setting level includes consideration of costs and
benefits





MCL/MCLG

MCLG MCL

EPA must set an MCLG for every | When information is adequate,
primary drinking water standard EPA sets an MCL

Level at which no known or Maximum permissible level of a
anticipated adverse human health | contaminant in water delivered to
effects occur, with an adequate users, generally set as close as is
margin of safety feasible to the MCLG

Health goals and not enforceable | Compliance can be based on a
values single sample result or an
average of samples

Not needed for non-contaminant | Feasibility determined based best
parameters (e.g., turbidity) available technology (BAT) or
other means of achieving
compliance within cost constraints






MCL Determination

Key information includes

A contaminant with an adverse health effect that is likely to occur
in PWSs at a frequency and level of public health concern

Analytical methods to determine if the contaminant is present at
a level of public health concern and if treatment is effective






Treatment Technique (TT)

When it is not economically or technologically feasible
(due to analytical cost or sensitivity) to determine the
level of a contaminant, EPA can develop a different type
of regulation called a treatment technique

Key information to develop a treatment technique

Operational measures that achieve desired levels of control for
the target contaminant and prevent know or anticipated adverse
public health effects to the extent feasible

Design conditions/monitoring parameters that serve as an
enforceable indicator that operational measures in place (e.g.,
turbidity, chlorine residual) are controlling the contaminant





Triggers

As part of both MCL and TT rules, systems are required to
conduct evaluations or make changes based on
operational/compliance monitoring

Evaluation can be triggered without a violation

Failure to monitor, conduct evaluation, or make changes is violation






Trigger Examples

Rule Trigger Follow-Up Action
Stage 2 DBPR Based on Operational evaluation
(effective 2012) - TTHM/HAAS
Operational compliance
evaluations monitoring
IESWTR and Combined filter Filter profile, self
LT1IESWTR - effluent and individual | assessment,
Turbidity filter monitoring comprehensive

performance evaluation

Lead and Copper Action levels & water | Corrosion control,
Rule quality parameters public education






What 1s the Current Framework for
Drinking Water Regulation?

1974 SDWA resulted in EPA turning USPHS
standards for total coliforms into 1975 Interim
Standards
Indicator of fecal contamination of the public water
supply
1986 SDWA Amendments

Established schedule and deadline for contaminants
to be regulated, including total coliforms






1989 Total Coliform Rule
Objectives

To evaluate the effectiveness of treatment,

To determine the integrity of the distribution
system, and

To signal the possible presence of fecal
contamination

How do other rules address these objectives?





TCR Requirements

= TCR (1989) set MCLG and MCL for coliforms

= Total coliforms, fecal coliforms, E. coli

= TCR set minimum numbers of samples to be collected
each month

Public Water System ROUTINE Monitoring Frequencies
Minimum

v Minimum Minimum
Samples! Month Population Samples! Month m Samples! Month

970,001-1,230,000 300
“ 1,230,001-1,520,000 330
6 1,520,001-1,850,000 360
i

Population

1,001-2,500
2,501-3,300
3,301-4,100
4,101-4,900
4,901-5,800
5. 801-6,700

2,270,001-3,020,000
100 3,020,001-3,960,000
12,901-17,200
17,201-21,500 20

*Includes PWSs which have at least 15 service connections, but serve <25 people.

6,701-7,600
7,601-8,500

8,501-12,900






Sanitary Surveys are also an
Element of the TCR

= A primacy requirement in 1975 SDWA

= States must have a sanitary survey program

= 1989 TCR incorporated sanitary surveys to take
advantage of the information / contact available through
program in setting monitoring requirements
= Only applies to systems < 4,100 population served

“Sanitary survey means an onsite review of the water source,
facilities, equipment, operation and maintenance of a public water
system for the purpose of evaluating the adequacy of such source,
facilities, equipment, operation and maintenance for producing and

distributing safe drinking water.” 40 CFR 141.2






Current TCR Monitoring Framework
Provides Flexibility by System Type

= Reduced monitoring at small systems linked to sanitary
survey (sanitary survey replaces monitoring)

System Type Population Sanitary Survey TCR Samples
Served

CWS <4,100 No 5 samples / month
CWS - < 1,000 Yes 1 sample / quarter
Groundwater
CWS / NCWS 1,000 — 4,100 | Yes 2 — 4 samples /month
NCWS - < 1,000 Yes (no sanitary 1 sample / year
Groundwater defects)






Sanitary Surveys are Elements of
Several Rules

Characteristics TCR IESWTR GWR

Applicability Any system taking < | Systems using SW | Systems using GW
5 TC samples/ mo or GWUDI
(<4100)

Frequency Every 5yrs (10 yrs | CWS -3 yrs (5 yrs | CWS — 3 yrs (5 yrs if
for NCWS w/ if outstanding) outstanding)
protected, NCWS — 5 yrs NCWS — 5 yrs
disinfected GW

Requirements Not specified 8 specified 8 specified elements

elements

Effective Date In effect In effect CWS - by 2012

NCWS — by 2014






Required Sanitary Survey Elements

Sanitary surveys under IESWTR and GWR must address
the following eight elements:

Source

Treatment

Distribution system

Finished water storage

Pumps, pump facilities, and controls
Monitoring, reporting, and data verification
System management and operation
Operator compliance with State requirements

States must have authority to require systems to correct
significant deficiencies

Not required to evaluate inapplicable elements





SDWA Rules Related to TCR

Microbial Rules Disinfection By-Product Rules
1989 Surface Water Treatment Rule | 1979 Total Trihalomethane (TTHM)
(SWTR) Rule

1998 Interim Enhanced SWTR 1998 Stage 1 Disinfection

Byproducts Rule

2006 Long-Term 2 Enhanced SWTR | 2006 Stage 2 Disinfection
Byproducts Rule

2006 Groundwater Rule (GWR)

These requirements continue to balance potential microbial
and disinfection byproduct risks





SDWA Rules (Microbial) and the
TCR

Surface Water Treatment Rule (SWTR) (1989)

Set source water treatment technique requirements for Giardia and
viruses for surface water systems

Compliance through combination of removal and inactivation,
demonstrated by treatment process monitoring results

Requires maintenance of detectable residual in distribution system
Also applies to ground water under direct influence of surface water

SWTR replaced turbidity monitoring and performance requirements
of the 1975 Interim Standards

Use of disinfectants in treatment and in the distribution
system can affect coliform levels and improve TCR
compliance





SDWA Rules (Microbial) and the
TCR

Interim Enhanced SWTR (1998)

Primacy requirement for State sanitary surveys for surface water
systems.

Specify sanitary survey frequency and scope; scope includes
distribution systems

States have authority to require correction of significant deficiencies

Long-Term 2 Enhanced SWTR (2006)

Requires additional treatment at treatment plants that have high
levels of Cryptosporidium in their source water

Requires systems to cover, replace, or treat the effluent from any
remaining open finished water storage facilities





SDWA Rules (Microbial) and the
TCR

Ground Water Rule (2006)

More than 147,000 PWSs must comply with GWR

* Many are small, non-community water systems (= 74,000 NCWS serving
less than 100 persons)

* Frequently NCWS are simply a well and an associated structure
TCR TC+ monitoring result may trigger source water monitoring for
fecal indicators (e.g., coliphage, E. coli)

» Positive fecal indicator at the ground water source results may trigger
requirement for corrective action

State sanitary surveys are required
« Same frequency and scope as IESWTR
» Systems must address significant deficiencies through corrective action





SDWA Rules (DBP) and the TCR

Total Trihalomethane (TTHM) Rule (1979)
Set MCL for disinfection byproducts (total trihalomethanes)

Required monitoring and compliance for community water systems
serving >10,000 and using disinfection

Community water systems serving < 10,000 using disinfection not
subject to the TTHM standard

* Not included due to concerns about their ability to balance DBP
compliance with microbial risk






SDWA Rules (DBP) and the TCR

Stage 1 Disinfection Byproducts Rule (1998)
Added HAA5 MCL and lowered TTHM MCL
Potential impact to systems disinfecting for TCR compliance

Some PWSs changing to chloramines for Stage 1 compliance -
iImproved distribution residual

Stage 2 Disinfection Byproducts Rule (2006)

Requires DBP MCL compliance at each monitoring location (LRAA)

Potentially an additional impact to systems disinfecting for TCR
compliance

Use of disinfectants in treatment and the distribution system
can reduce coliform levels and improve TCR compliance,
but poorly controlled use may lead to DBP compliance
problems





How are 1989 TCR Objectives Addressed?

OBJECTIVE PROVISIONS RULE
Evaluate the Coliform monitoring* TCR
effectiveness of Treatment process monitoring SWTRs, GWR
CERIE Sanitary surveys IESWTR, GWR
Determine the Coliform monitoring* TCR
integrity of the Disinfectant residual monitoring SWTR, DBPRs
distribution system Sanitary surveys IESWTR, GWR
Indicate possible TC+ sample analysis for E. coli / fecal TCR
fecal contamination | coliform

Groundwater source sampling GWR
Sanitary surveys IESWTR, GWR

* For small systems, sanitary surveys can replace some TC monitoring.
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Presentation Objectives

Outbreak versus endemic disease

How outbreak, endemic disease, and water
guality information has been used to support
drinking water regulation development

Avallable information for revising TCR






Nomenclature of Disease
Occurrence

Detected Outbreak

Threshold of Detection \

Undetected
Outbreak
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Definition of Outbreak

A clear increase in illness or other health-related
events above that which is normally expected

The time period and geographic area in which
cases occur must be specified






What Makes An Outbreak, An
Outbreak?

Somebody suspects there is an outbreak
Somebody starts gathering data
Somebody declares there is an outbreak
Somebody investigates an outbreak

Recognize that the chances of an outbreak being
detected, recognized and reported depends on many
factors coming together in a given time period
(avallability of resources, communication and
coordination among all the “somebodies”)





CDC Definition of Drinking Water
Outbreak

Epidemiologic evidence must implicate water as

the probable source of iliness
Two or more persons must be epidemiologically linked
by location of exposure to water, time, and illness
Exceptions
» Single cases of laboratory-confirmed primary amebic
meningoencephalitis
» Single cases of chemical/toxin poisoning if water-quality
data indicate contamination by the chemical/toxin






Biennial Waterborne Disease
Survelllance Report

Joint activity between EPA and CDC

Includes
Outbreaks associated with water (drinking and recreational)

Information source
Passive surveillance system
States investigate and report outbreaks

Report limitations include
» Under reporting
 Inconsistency in reporting
* Tendency for more acute and severe to be reported





Outbreak Data has Informed
Contaminants to be Regulated

Outbreaks caused by Giardia, viruses, and
Cryptosporidium:

Prompted regulatory focus and collection of additional data to
Inform risk assessment

« SWTR (Giardia and viruses)
 |[ESWTR, LT1, (Cryptosporidium)
» GWR (viruses)

Supported basis for having MCLGs
« SWTR (Giardia and viruses)
« IESWTR, LT1, LT2 (Cryptosporidium)





Outbreak Data Have Informead
Assumptions on Systemic Causes and
Mitigation Opportunities

Outbreak incidence in unfiltered versus filtered surface water
systems supported specific control measures for unfiltered
systems (SWTR)

Outbreaks related to treatment inadequacy and reliability in
filtered surface water systems supported additional treatment
technique requirements (SWTR, IESWTR, LT1)

Outbreaks in systems supplied by ground water due to
source/treatment deficiencies supported SWTR, TCR and
GWR

Outbreaks attributed to distribution system contamination
supported TCR





Nomenclature of Disease
Occurrence

Detected Outbreak

Threshold of Detection \

Undetected
Outbreak
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Definition of Endemic Disease

Persistent low to moderate level or the usual
ongoing occurrence of illness in a given
population or geographic area

Difficult to distinguish between food-borne,
waterborne, and person-to-person sources for
endemic disease






Use of Endemic Disease Estimates
In Regulation Development

Informs decision to regulate

Supports benefit-cost analysis and selection of
regulatory options
Pre-rule baseline disease incidence

Disease incidence avoided is the main benefit for
different regulatory options

National and sub-population disease estimates






Endemic Epidemiology Studies
Have Not Been Used to Support
Regulations Controlling Pathogens

= To date, limited availability of endemic
epidemiology studies on microbial contaminants
/ Infectious disease

= For chemical contaminants, epidemiology
studies have been used to:

= |Inform disease incidence attributed to exposure from
drinking water (Arsenic)

= To develop hypothesis about disease etiologies
(Stage 1 and 2 DBPR)

= Characterize risk and test specific hypothesis (Stage 2
DBPR)





Use of Pathogen Specific Data to
Inform Endemic Risk in Regulation
Development

Information about specific pathogens and their effect on
humans has been used in risk assessments (Giardia,
Cryptosporidium and viruses)

Pathogen occurrence and treatment efficiency for pathogens

Human dose response studies

Consumption information

Morbidity rates relative to infection

Mortality rates relative to disease incidence

Estimating pathogen occurrence for TCR will be
challenging





Indicator Data Can Be Used to
Inform Potential Public Health
Concerns, Mitigation Strategies

Indicators can be microbial or operational

Under SWTR, analysis of linkages between water quality
parameters and pathogens were used to inform potential
public health concerns and mitigation strategies,
Including:

Turbidity — filtration and interference with disinfection

Disinfectant concentration and contact times (CTs) — primary
disinfection

Disinfectant residuals — secondary disinfection





Avalilable Public Health
Information

Types of available information
CDC/EPA waterborne disease outbreak surveillance
Epidemiology studies informing endemic risk

Pathogen specific information (e.g. dose response,
morbidity/mortality)

Studies relating indicator data to public health data

SDWA requires EPA to make decisions based
on the best available peer-reviewed science

Each type of public health information has
strengths and weaknesses





What would the FAC like the TWG /
public health task group to focus on?
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Presentation Objectives

What microbial indicators are used in the TCR

How the current microbial indicators relate to
the intended purposes of the rule

How other indicators could relate to these
purposes






Types of Indicators

Microbial

Chemical

Chlorine residual
THM, HAA

Operational
Turbidity

Other parameters that are monitored (e.g. flow,
pressure)






Why Are We Using Indicators?

Indicators can be used for many
purposes, including:
Occurrence, performance, public health

Microbial indicators are used because

the target pathogens can:

1. Occur at very low concentrations in water

2. Be difficult, hazardous, or expensive to detect and
analyze

3. Be one of numerous specific pathogens, each
requiring its own test method





|deal Indicator Attributes

Correlated to health risk

Similar or greater survival to pathogens

Similar biological survival mechanisms

Similar transport to pathogens

Present in greater numbers than specific pathogens
Specific to a fecal source or an identifiable origin

NRC (NAS), Indicators for Waterborne Pathogens,
National Academies Press, Washington, DC, 2004.





|deal Attributes of Lab Methods

Specificity to desired target organism
Independent of matrix effects

Broad applicability

Precision

Adequate sensitivity

Rapidity of results

Quantifiable

Measures of viability or infectivity

Logistical feasibility
Training and personnel requirements
Utility in the field

Cost
Volume requirements

From NRC (NAS), Indicators for Waterborne Pathogens





Microbial Indicators Used In a
Variety of Ways

|dentification of hazards

Exposure assessment

Contaminant source detection
Effectiveness of risk reduction actions

From NRC (NAS), Indicators for Waterborne Pathogens





The Most Appropriate Indicator
Depends on the Nature of its Use

Measurement-based warning systems

* Indicate the likelihood of pathogen
presence

Source identification
* Help determine public health implications

* |dentify approaches to resolve problem
— biological and chemical approaches

From NRC (NAS), Indicators for Waterborne Pathogens





TCR Uses Three Microbial
Indicators to Address Objectives

Objectives of the rule (52 FR 42224, 11/3/87):

1. Evaluate the effectiveness of treatment
2. Determine the integrity of the distribution system
3. Signal the possible presence of fecal contamination

= The current TCR relies on total coliform and
fecal coliform or E. coll as indicators






Pathogenic E. coli

E. coli

Microbes -

Microbial Pathogens

Thermotolerant
coliforms






How Total Coliform is Currently
Collected and Analyzed

Monitored by “representative” sampling throughout
distribution systems

Population-based sampling

100 mL standardized sample volume
Repeat sampling after positive samples
Lab certification is required

More than one test method is available

Performance of test methods vary (future presentation)






What We Have Learned Since
1989

Now have tests that specifically identify E. coli
“Fecal” Is a misnomer as it does not

necessarily indicate fecal origin
Fecal coliform now referred to as thermotolerant
coliform
Learned that total coliform can grow in
distribution system biofilms so are not
necessarily an indicator of external
contamination





How are We Using Microbial
Indicators in the TCR?

Positive TC results trigger repeat sampling and FC or
E. coli analysis as verification and exploration of the
extent of the potential public health issue

See TCR Wall Chart for sampling sequence

TC results used to determine monthly MCL violations

TC and FC/E. coli results used to determine acute MCL
violations






How do Current TCR Indicators
Relate to Public Health?

Limited information relating indicator occurrence and
outbreaks

Limitations of data:
Limited number of reported outbreaks
Limited number of identified causes

Varying incubation period leading to illness

Limited and varied number of water quality parameters defined
prior to and during outbreak

Unspecified frequency of monitoring during outbreak investigation






How do Microbial Indicators
Address TCR Objectives?

Table for 6 commonly-used indicators
3 currently used in rule

Relative applicability related to TCR objectives
Indicated by +'s
Compiled by TWG based on professional judgment

Comparison does not account for differences in

Sample collection (frequency and location)
Analytical methods
Sensitivity (table assumes indicator presence)





Relative Applicability of Indicators

TC FC E. Entero- HPC Male-sp
3 : Coliphage
coli COCCI

Treatment Efficacy
Absent from adequately treated water L B T + 4+
Greater survival compared to frank i B B AR s s
bacterial pathogens in the DS
Greater survival compared to protozoa | * + + + + ++
and some viruses
DS Integrity
Present in greater numbers than E e > = Ana -
pathogens
Absence of regrowth in the DS + sl B S B + T
Presence indicates breach in DS + ++ | P + +++7
Fecal Contamination
Specific to fecal contamination + ++ | At 4+ + +++

Compiled by TWG based on professional judgment





NAS Recommended Three-Level Indicator
Monitoring Framework for Public Health Risk
Management

Phases of Investigation

Level A
Screening/

Routine
Monitoring

Expanded Sampling

Level B
Investigations

to confirm
health risk

Microbial Assessment

Level C
Detailed Investigations:
Source Identification

and Mitigation

Similar (or greater)
survival and transport
to pathogens, specific
to a fecal source or
identifiable as to
source of origin,
measures viability or
infectivity

Logistical feasibility,
broad applicability,
present in greater
numbers than
pathogens, rapidity of
results





Comparison of Current TCR Monitoring to
NAS Framework

Phases of Investigation

Level A
Screening/

Routine Total
Coliform
monitoring

Routine
Monitoring

Expanded Sampling

Level B
Investigation
to confirm

health risk analysis

Microbial Assessment

Level C Follow-up investigations

Detailed Investigations: and mitigation not required
Source Identification

and Mitigation

by TCR






Summary

Microbial indicators are used because target
pathogens can be difficult to measure

Important to select microbial indicators that are most
appropriate for the monitoring objective

No one microbial indicator alone addresses the three
current objectives of the TCR

Informative value of microbial indicators influenced by
other factors such as monitoring frequency, location

Other indicators could potentially be used for
certain/specific situations (e.g. chlorine residual)





What would the FAC like the TWG /
Indicator task group to focus on?
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Implementation Challenges
(Synopsis of July 17 Presentation)

Available state resources are limited and affect
Individual state approaches to:

Oversight and training of public water systems
Monitoring requirements
Detail and frequency of sanitary survey inspections

Tracking responses to positive observations and violations
(regulatory standard and monitoring / reporting)





Implementation Challenges
(Synopsis of July 17 Presentation)

The large number and diversity of system types that
must comply with TCR exacerbates resource challenge

Noncommunity water systems (primary function is not
providing drinking water)

Small community water systems (numerous and resource
challenged)






Implementation Challenges
(Synopsis of July 17 Presentation)

Unclear technical / policy framework

When is a total coliform positive an indicator of public health
concern?






Variation in Implementation

Current TCR Framework intentionally provides for
flexibility in implementation

Implication of that flexibility is variability in:
Differences in data available to FACA to understand rule
performance
Different compliance approaches by States

Different compliance approaches by PWSs
 Emphases in location, frequency, and timing of monitoring
* Response strategies upon positive observations

It is an open question as to whether current variability represents
meaningful differences in public health protection





Aspects of Implementation Where
Variability EXists

= Monitoring requirements — plans & schedules
= Response to positive observations

Definition of a violation

Response to violation

PWS compliance assistance

Differences between CWS and
NCWS is an overarching aspect
of these categories.






State Survey Results:

Example of State Requirements Beyond Federal Standard

Routine TCR Monitoring Requirements for Systems <1,000 Persons
Served
SO — Samples Per Number of States
Year CWS NCWS

3 per month 36 1 0
2 per month 24 2 1

1 per month 12 40 4
2 samples per quarter 8 0) 1
Quarterly 4 16 38
Semi-Annual 2 na 1
Annual 1 na 14

*Some states have more stringent requirements for schools and systems using surface water.





Monitoring Requirements

Aspects of State-Specific
Implementation

Implications for PWS

Timing and detail of sample plan review /
approval

Sample plans provide a common set of
expectations

Acceptable sample locations
=Dedicated sample stations
=Repeat sample sites (NCWS)

Dedicated sample stations are known to
reduce spurious coliform observations

Monitoring frequency
=Among sample sites

=Reduced monitoring for small
systems

Location and frequency of monitoring
drives logistics and costs of sampling

Use of special purpose samples

Water systems need ability to take
samples for purposes other than
compliance

Addressing extenuating circumstances
=Access to laboratory services

Some small systems lack ready access
to laboratory services






Response to Positive Samples

Aspects of State-Specific Implications for PWS
Implementation

What does a repeat total coliform sample | Given available resources PWSs will

trigger? take additional measures to avoid TCR
=Additional investigation triggered corrective actions and public
notice

=Corrective actions
=Public notice

What is required to demonstrate a At present sample invalidation is rarely
sample is invalid? used so sampler and laboratory QA/QC
IS critical.
Interpretation of significance of “x” Different professional judgments about
observed positive samples the significance of observations leads to
=Total coliform different corrective actions being required
“E. coli =Wells disinfection vs abandonment
=Boil water alert vs minimum public
notice






Definition of a Violation

Aspects of State-Specific
Implementation

Implications for PWS

Simple “bright line” criteria are simple
to administer and project regulatory
hammer

Treating monitoring and
reporting violations as MCL
violations (Ohio)

Violations carry with them public
notice requirements — that must be in
sync with definition of violation






Response to a Violation

Aspects of State-Specific
Implementation

Implications for PWS

Approaches and ability of states to
Provide advice on public notification
Track public notice activity

Confusion over use of an indicator to
describe potential health effects

Non-acute MCL

Ability to distinguish the significance
of monitoring and reporting violations

Monitoring violations are presumed
by some to be deliberate
circumvention of TCR where, in fact,
local circumstances may preclude
meeting monitoring requirements

Use of optimal public notice delivery
methods for various system types

Degree of focus on area impacted by
TCR observations varies

Both NCWS and CWS






PWS Compliance Assistance

Aspects of State-Specific
Implementation

Implications for PWS

Resource allocation
On-site inspections
Laboratory services
Automation

*Reminders
*Violation notices

A small percentage of PWS
community have violations of primary
standards over time

Operator certification requirements
Training for operators
Training for governing boards

Poor compliance records with TCR
lead to perceptions

Lack of confidence in CWSs

Lack of confidence in drinking water
generally






Summary

We have looked at some of the aspects of state-
specific iImplementation

We have also looked at implications of state
Implementation on water systems

Next, we need to understand implications for
Implementation improvement
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Avallable Data Sources and Possible
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This Meeting’s Presentations

Objectives

Provisions

Available Data Sources
and Possible Preliminary
Analysis for TCR

System compliance

Improvement

Research





Presentation Objectives

Review available data sources and
characteristics

Questions that available data could help answer






Sources of Data

State/EPA Data
6-Year Review Data (SDWIS/State and other)
Individual data sets

Community Case Studies and Water System
Information

Monitoring Data, Surveys, Case studies
National TCR violation data (SDWIS/Fed)






6-Year Review Information Collection
Request (TCR Data)

46 States have provided data beginning as early
as 1998

Data elements may include:
System info: system type, population, source water type
Sample types: Routine, repeat, special, unknown
Sampling time: Collection date

Sample locations: Entry point, distribution system; for
repeat samples: downstream, original, upstream, and
other

Methods: method codes
Results: presence/absence for TC, Fecal, & EC





Six Year Review Data

Voluntary request for data, EPA provided a tool to
extract data for states using SDWIS/State

Focusing on data from 42 primacy agencies (see
map)

Tier 1. 28 states used the Extract Tool (only accepted

compliance samples, no rejected samples or monthly
summaries)

Tier 2: 14 other states submitted data in other formats
May not have data from 17 primacy agencies

Tier 3: 4 states submitted incomplete or problematic data

Tier 4: 13 states did not provide data. Some large states

are not participating (CA, FL, PA, MA, WA), but TX has
agreed to provide data

Over 9 million TCR records 1998-2005





Percent

Percent SDAWWIS

SDWIS Mumber of
Tier Population Systems
Tier 1 30% 36%
Tier 2 15% 30%
Tier 3 12% 8%
Tier 4 43% 26%
Total 100% 100%

Availability of State Data from
6-Year Review (2005).
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Tier 3: Submitted incomplete data
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Six Year Review Data: Preliminary
Findings

Date of sample collection and analyte/result fields
are generally of very good quality and are
complete

Data from 2002-2005 appear to contain more
systems than from 1998-2001

Data from Tier 2 states provide additional
parameters that could be used for analysis






Six Year Review Data: Preliminary
Findings Continued

Some states appear to be have data gaps

A few states reported too few systems (overall)

AL (only 170 unique systems in state dataset, but 636
systems in SDWIS/FED), NJ (698 of 3,905), NY (9,200 of
9,769)
Some of the largest systems in each State are not In
databases (based on spot checks)

MD—at least four Ml—at least eight
NV—second largest system SD—at least eight

Individual TC sample records not available for all
systems

Summary form of results submitted for some systems in at
least NJ, AZ, NY, and Rl





Six Year Review Data: Categories
of Data

Routine/Repeat

18 system categories (see next slide)
Type of system
Size of system
Source water (for CWS)

By Year (1998-2005 available)






Population
Served

Categories

< 1,000 take 1 or fewer
samples per month

< 4,100 can have
sanitary survey replace
some monitoring

< 4,100 must at least 5
samples the month
following a TC+

> 33,000 collect 40 or
more samples and 5%
criteria for violations






Non-Six Year Review Data

TCR State compliance data

California Dataset (7 of 22 districts)

« Compiled by CEC; formatted and available for
analysis

* Represents 1,489 water systems with 630,000
observations

15 State Dataset

 TC and E. coli presence/absence rates for multi-
years of data based on 6.8 million observations

 Compiled by CEC; formatted and available for
analysis

Data Verification (DV)





Survey Data

ASDWA Survey — TCR implementation
practices

AWWA Survey - State response to E. coli and
non-E. coli coliform detections

AMWA Survey — Summary data for

routine/repeat/rejected samples by year (2002 —
2006)






EPA Data Sources

SDWIS/Fed Data

Violation data by Region, State, system type, system
size, and source water type from 1998 to 2005

* Non acute MCL, acute MCL, monitoring / reporting
Disinfection status (yes/no) for about ¥4 of systems

Community Water System Survey
Characterization of PWSs






Specific Questions that Available
Data Could Answer

Federal violation statistics by system category

For the 6-Year Review and other data.
Sampling statistics by size category and type, for example:
« Percent of overall samples that are TC+, EC+, and FC+
e Estimates of burden from sampling






For the 6-Year Review and Other Data
(continued)

Informative potential of current monitoring:

Repeat samples
Extra next-month samples

Impact of alternative compliance calculations
Evaluation of correlations between TC+, EC+,

and FC+ and water quality parameters (e.g.
chlorine residual)






What questions would the FAC like
the TWG / data analysis task group
to attempt to answer?
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This Meeting’s Presentations

Objectives

Provisions
System compliance

Improvement

Expert Workshops/Panels on
Research Distribution System Issues






6 Expert Panels/\Workshops:
Summary of Outputs

This is a summary of outputs from six expert panels or
workshops on distribution system issues associated with
water contamination or loss in water quality

This does not include

Evaluation or summary of solutions to problems (such as
operator training) or regulatory options

Any cost-benefit analyses, risk assessments, or evaluations of
impacts on various public water systems





Workshops/Panels Provide a
Starting Point for Risk Assessment

& Management

Research ——Assessment +—Management

Scientific Research/

Data Collection )
Risk Assessment

» Health Effects
* Occurrence
* Exposure
L4 Treatment Hazard
Identification/
Problem Char?cte
Formulation| ~ 280N Decision

Exposure

Key
Considerations






6 Workshops/Panels to be Discussed

Sponsoring | Code Workshop/Panel
Organization
NRC NRC Committee on Public Water Supply Distribution Systems:
Assessing and Reducing Risks
EPA EPA Distribution System White Papers Meeting
WP
EPA EPA PS | Public Stakeholder Meeting on Distribution System Issues
of Potential Concern
EPA EPA EA | Exposure Assessment Workshop, Pathogens and Toxic
Chemicals in Drinking Water Distribution Systems
AwwaRF AwwaRF | Pathogen Intrusion into the Distribution System Expert
Pl Panel Workshop
AwwaRF AwwaRF | Distribution System Water Quality Strategic Initiative
SIRP

Research Plan Workshop






Workshop Elements and Prioritization

The following table shows prioritized output
from participants in the workshops/panels.

This Is NOT the prioritization from the
"echnical Working Group

"he Information in the table is being shown to
help the FAC consider distribution system
elements and prioritization criteria






Summary of Workshop/Panel
Output: Priority Issues

(H= high, M= medium, L= low)

Distribution System Issue Expert Panel/Workshop
NRC | EPA | EPA | EPA | AwwaRE | AwwaRE

WP | PS | EA Pl SIRP
Cross connection & backflow H H H H H
Biofilm and microbial ecology \Y H \Y H L H/M
New and repaired mains & H H M L H
breaks
Storage facility integrity H \Y L H M
Pressure transients & intrusion H \Y/ H H
Nitrification L M M \Y \Y]
Internal pipe corrosion L L H \Y]






National Research Council (NRC) /
NAS Committee

2004 - 2006

15 industry experts invited by the National Research
Council of the National Academies in consultation with
EPA (water utilities, academia, consultants, States)

Conduct a review of water quality issues associated with
public water supply distribution systems and their
potential risks to consumers.

Output:

1) Public Water Supply Distribution Systems: Assessing and Reducing
Risks -First Report (2005), The National Academies Press,
Washington, D.C.

2) Drinking Water Distribution Systems- Assessing and Reducing Risks
(2006), National Academy of Sciences.





EPA Distribution System White
Paper Meeting

March 7-8, 2002

32 industry experts invited by EPA (utilities,
academia, consultants, EPA, States, NRDC,
AWWA)

Review nine distribution system white papers

drafted by/for USEPA to determine what data are
missing in the papers, and what research is needed

Output:

1. Recommendations for revising the white papers.

2. ldentification of areas where more information is needed.
3. Relative ranking of distribution system issues.





EPA Public Stakeholder Meeting

November 14, 2002

69 attendees (water utilities, EPA, Health Canada,
States, AWWA, consultants, manufacturers, US PHS)

Presentation and discussion of EPA’s nine White Papers

Output:

Four breakout groups each developed answers to four questions
regarding each white paper:

1. Do we have all of the relevant information?
2. Is the issue a public health issue worth following up on?

3. Are we focusing on the right issues and are they correctly
combined?

4. What needs to be done to address the problem?

Stakeholders also ranked (by voting) the nine issues according to
public health relevance





EPA EXposure Assessment
Workshop

March 29-31, 2004

36 experts invited by EPA (academia, States, AwwaRF,
utilities, EPA, consultants, AWWA, NRDC, UK DWI,
KIWA)

Primary goals:
Evaluate exposure assessment concepts

Recommend factors for additional consideration related to an
exposure assessment due to contamination of distribution
systems

Recommend specific data sets to support such analysis

Recommend next steps for how EPA could continue
development of an exposure assessment





EPA EXposure Assessment
Workshop (Continued)

Output:

Questions were posed, and answers provided, for
pathways included in the nine EPA White Papers.

The workshop experts also discussed:
What pathways should we be most concerned about?
What indicators may be relevant for multiple exposure pathways?

Areas where research and exploration are required to develop a
better understanding of issues.





AwwaRF Pathogen Intrusion
Workshop

April 30-May 1, 1998

15 experts identified by AwwaRF and its research project team
(utilities, academia, consultants, AwwaRF, EPA, KIWA)

To rank the intrusion pathways identified in the project’s literature
review to help focus subsequent project and research activities

Output:

Criteria and definitions were developed for ranking waterborne
pathogens.

Waterborne pathogens were ranked based on severity of health
effects.

Waterborne pathogen routes of entry were compiled and
simplified into nine major routes.

The nine routes of entry were then ranked into categories of
high, medium, and low.





AwwaRF Strategic Initiative
Research Plan Workshop

May 30 - 31, 2007

29 experts invited by AwwaRF and CH2M Hill (EPA, States,
consultants, academia, utilities, AwwaRF, Singapore

To support the development of a draft research plan for the
AwwaRF Distribution System Water Quality Strategic Initiative (a
commitment to research projects worth $1 million per year, for an
expected duration of at least five years)

Output:

An overview on the state of science of distribution system water
quality in a summary paper.

Potential research project descriptions.
Ranking of potential research projects.





Comparison of Distribution System
Elements that were Identified In
Workshops/Panels






Notes on Comparison

Each workshop/panel addressed issues a little differently

Not every issue/element was addressed by every
workshop/panel.

For example, biofilm could include nitrification and
regrowth, or these could have been separated into three
different elements.

Some “elements” are routes of entry for contamination
(intrusion, backflow)

Others are conditions found in the distribution
system.(water age, loss of disinfectant residual,
corrosion)





Common Elements among
Workshops/Panels

Distribution System Element Expert Panel/Workshop

NRC | EPA | EPA | EPA | AwwaRE | AwwaRF

WP PS EA Pl SIRP

Biofilm and bacterial regrowth X X X X X X
Backflow / cross connections X X X X X
Storage facility maintenance X X X X X
Pressure transients & intrusion X X X X X
Nitrification X X X X X
Leaching X X X X X
New & repaired mains X X X X
Permeation X X X X






Other Elements or Related Topics

Distribution System Expert Panel/Workshop
Element

NRC | EPA | EPA | EPA
WP PS EA

Water age X X X
Scale and corrosion layers

X
X

X

Leaks and breaks in
mains

Inadequate treatment

Chlorine loss

Biological stability

DBP formation

X | X| X[ X]|X

Premise plumbing

Aging buried infrastructure X X






Other Elements or Related Topics

Distribution System Element

Expert Panel/Workshop

NRC

EPA | EPA | EPA
WP | PS | EA

Service lines

Loss of pressure

Low water flow

System design

X | X| X[ X

Pathogen transport and
retention

Disinfectant residual
effectiveness

Sediment deposition /
Inorganics accumulation






Ranking / Prioritization
Criteria for Distribution System
|ssues

Criteria used (depending on the panel/workshop):
= Literature review
= EXpert opinion/experience
= EPA White Papers
= Stakeholder opinion (EPA PS only)






Summary of Prioritization/Ranking

(H= high, M= medium, L= low)

Distribution System Issue Expert Panel/Workshop Ranking
NRC | EPA | EPA | EPA | AwwaRF | AwwaRF

WP | PS | EA PI* SIRP*
Cross connection & backflow H H H H H
Biofilm and microbial ecology M H M H L H/M
Pressure transients & intrusion M H \Y H H
New and repaired mains & H H \Y L H
breaks
Storage facility integrity H M L H M
Nitrification L \Y \Y M
Internal pipe corrosion L L H M

*Note: AwwaRF Pl and SIRP were focused on research needs





Summary of Prioritization/Ranking

(H= high, M= medium, L= low)

Distribution System Issue

Expert Panel/Workshop Ranking

NRC | EPA | EPA | EPA | AwwaRF | AwwaRF
WP | PS | EA PT* SIRP*

Permeation L M L M
Leaching L H L L
Water age L \Y \Y]
Aging infrastructure H L
Premise plumbing H L
Disinfectant residual & its loss | M H

*Note: AwwaRF Pl and SIRP were focused on research needs






Low Priority or Research Only

(H= high, M= medium, L= low)

Distribution System Issue Expert Panel/Workshop Ranking
NRC | EPA | EPA | EPA | AwwaRF | AwwaRF
WP | PS | EA PI SIRP
DBP formation and fate L L
Treatment breakthrough H
Pathogen retention and H
transport
Lead and copper H
Organochloramines H
Sediment deposition/ L
Inorganics
Biological stability of treated L
water

*Note: AwwaRF Pl and SIRP were focused on research needs





What information does the FAC need
from the TWG to help you evaluate
elements and priority?






APPENDIX

Additional Panel / Workshop Information






6 Workshops/Panels

NRC National Research Council’s Committee on
Public Water Supply Distribution Systems:
Assessing and Reducing Risks

EPA WP EPA Distribution System White Paper Meeting

EPA PS EPA Public Stakeholder Meeting on Distribution
System Issues of Potential Concern

EPA EA EPA Exposure Assessment of Pathogens and
Toxic Chemicals in Drinking Water Distribution
Systems

AwwaRF PI Pathogen Intrusion into the Distribution System-

Expert Panel Workshop

AwwaRF SIRP Distribution System Water Quality Strategic
Initiative Research Plan Workshop





(NRC) National Research Council
[ NAS Committee

Recommendations Pertaining to a Possible
Distribution Rule

Cross-connection control should be in place for all water utilities.

EPA should work closely with representatives from states, water
systems, and local jurisdictions to establish the elements that
constitute an acceptable cross-connection control program.

Residual disinfectant choices should be balanced to meet the
overall goal of protecting public health.





(NRC) National Research Council
[ NAS Committee

Recommendations — Research Needs :

Epidemiological studies that specifically target the distribution system component of
waterborne disease are needed.

Distribution system ecology is poorly understood, making risk assessment via
pathogen occurrence measurements difficult.

Current microbial monitoring is limited in its ability to indicate distribution system
contamination events, such that new methods and strategies are needed.

Distribution system integrity is best evaluated using on-line, real-time methods to
provide warning against any potential breaches in sufficient time to effectively
respond and minimize public exposure.

Research is needed to better understand how to analyze data from on-line, real-time
monitors in a distribution system.

Communities should squarely address the problem of Legionella, both via changes to
the plumbing code and new technologies.





(NRC) National Research Council
[ NAS Committee

Recommendations - Information Collection Needs

More attention should be paid to having adequate facilities, instructors, and
apprentice programs to train utility operators, inspectors, foremen, and

Mmanagers.

There is inadequate investigation of waterborne disease outbreaks
associated with distribution systems, especially in premise plumbing.

Other General Recommendations:

EPA should create a homeowner’s guide and website that highlight the
nature of the health threat associated with premise plumbing and mitigation
strategies that can be implemented to reduce the magnitude of the risk.

Research projects are needed that specifically address potential problems
arising from premise plumbing.





(NRC) National Research Council
[ NAS Committee

Elements Identified for the Distribution System:

Physical Inteqrity

Backflow and cross connections

New or repaired mains and components
Covered storage facility maintenance
External corrosion

Internal corrosion

Leaks and breaks

Permeation

Service line issues





(NRC) National Research Council
[ NAS Committee

Elements Identified for the Distribution System:

Hydraulic Inteqgrity

Pressure transients

Loss of pressure

Water age

Low flows

Mixing and turnover, or operation of storage facilities
Reduced hydraulic capacity due to scales/corrosion
System design (dead ends, over-sized mains, etc.)





(NRC) National Research Council
[ NAS Committee

Water Quality Inteqgrity

Intrusion of contaminants
Inadequate treatment

Biofilm and regrowth
Nitrification

Permeation

Scale formation and dissolution
Chlorine residual loss
Sediment deposition

Leaching

Internal corrosion and byproducts
Biological stability of water
DBP ongoing formation
Premise plumbing





(NRC) National Research Council
[ NAS Committee

Criteria for Prioritization: Independent literature review,
EPA’s White Papers, and expert opinion/experience.

Highest Priority Issues to Address (based on
associated potential health risks)
Cross connection control and backflow
New or repaired water mains
Finished water storage facilities
Premise plumbing
Distribution system operator training






(NRC) National Research Council
[ NAS Committee

Medium Priority Issues to Address (based on having some
potential to Impact public health)

Uncontrolled biofilm growth
Loss of disinfectant residual via water age and nitrification
Low pressure transients and intrusion

Low Priority Issues to Address (based on maintaining a well-
managed system)

Other effects of water age (DBP formation, corrosion, sediment
deposition, etc.)

Other effects of nitrification (nitrite and nitrate formation, changes in pH
and alkalinity)

Permeation
Leaching

Additional Issue - Control of post precipitation






(EPA WP) EPA Distribution System
White Paper Meeting and
(EPA EA) EPA Exposure Assessment
Workshop

Elements identified:

Intrusion from pressure transients
Cross connections and backflow
Aging buried infrastructure
Permeation

Leaching

Nitrification

Biofilm

Storage facilities

Water age

New and repaired mains
Internal corrosion

B COROT = W Y =
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(EPA WP) EPA Distribution
System White Paper Meeting

Criteria for Prioritization: Literature review (used to form
the EPA White Papers) and expert opinion/experience.

High Priority
- Cross connection and aging infrastructure
- Biofilm
- Leaching
- Pipe repair/replacement
- Intrusion

Maybes:
- Nitrification
- Covered storage
- Water age
- Permeation





(EPA EA) EPA Exposure
Assessment Workshop

Regarding the ranking of the importance of pathways, workshop
experts noted that:

All pathways are important.

Water systems might rank the pathways in a different order in different
circumstances, so ranking may not be appropriate for setting national
priorities.

Ranking the importance of the pathways and priorities is most helpful and
applicable when specific source waters and specific system
characteristics are considered in conjunction with the pathways.

The frequency of various risk factors across systems might be a logical
way to choose which issues take immediate priority.

Pathways that are not as well characterized (e.g. permeation and
leaching) should be re-evaluated when more complete data are obtained
and interpreted.





(EPA EA) EPA Exposure
Assessment Workshop

Criteria for Prioritization: EPA White Papers and expert
opinion/experience

Rankings / priorities - contamination from outside the
distribution system:

Backflow and intrusion were identified as high priorities; they were
considered of equal concern due to the significant overlap of
contributing factors (loss of pressure, presence of potential
contamination).

External contamination of storage facilities was also related to
backflow and intrusion

Permeation was identified as a somewhat lower priority.






(EPA EA) EPA Exposure
Assessment Workshop

Rankings / priorities - contamination from within
the distribution system:

Corrosion was identified as a high priority because toxic metals
have known negative health impacts.

Biofilm was identified as an important issue because Legionella and
Mycobacteria are significant microbial contaminants associated with
biofilms.

Nitrification was identified as a somewhat lower priority because the
consequences of nitrification, such as loss of chlorine residual,
biofilm growth, and release of toxic metals from corrosion, are of
greater concern than nitrification itself.

Leaching was identified as a relatively lower priority because
widespread health risks have not been documented. However,
leaching may be a health risk consideration for systems with
susceptible pipe material and should be further investigated.






(EPA PS) EPA Public Stakeholder
Meeting

Criteria: EPA White Papers and participant opinion.

Votes
Cross-Connections 42
Main Repair and Replacement 19
Intrusion 13
Nitrification 11
Biofilm 8
Water Age 7
Permeation and Leaching §)
Aging Infrastructure/ Corrosion 4
Covered Storage 2





(AwwaRF Pl) AwwaRF Pathogen

Intrusion Workshop

Routes Of Entry
Water Treatment Breakthrough
Transitory Contamination
Cross Connection
Water Main Repair/Break
Uncovered Storage Facilities
New Main Installation
Covered Storage
Biological Growth/Resuspension
Purposeful Contamination

Criteria for Prioritization: Independent
literature review and expert opinion/experience.





(AwwaRF Pl) AwwaRF Pathogen
Intrusion Workshop

ENTRY ROUTES NUMBER of VOTES  Research Need

Treatment Breakthrough 8 High
Transitory Contamination 8 High
Cross Connection 8 High
Water Main Repair/Break 7 High
Uncovered Storage 4 Medium
New Main Installation 2 Low
Covered Storage 2 Low
Growth/Resuspension 1 Low
Purposeful Contamination 0 Low






(AwwaRF SIRP) AwwaRF Strategic
Initiative Research Plan Workshop

Distribution System Elements Identified:
Biofilm
Pathogen transport and retention
Efficacy of disinfectant residuals
Lead and copper leaching
Organochloro (halo) amines
Nitrification
Internal corrosion
Stability of pipe scales
DBP formation and fate
Premise plumbing (including service lines)
Biological stability of treated water

Criteria for Prioritization: Independent literature review,
EPA White Papers, and expert opinion/experience.





(AwwaRF SIRP) AwwaRF Strategic
Initiative Research Plan Workshop

15 Recommended Research Projects in Order of Ranking:

Role of Biofilm on the Fate and Transport of Waterborne Pathogens
in Distribution System and Premise Plumbing

Efficacy of Secondary Disinfection for Pathogen Control

Lead and Copper Corrosion Control in New Construction

Formation, Activity and Significance of Organochloramines

Microbial Ecology of Piped Water with Respect to Health Risks






(AwwaRF SIRP) AwwaRF Strategic
Initiative Research Plan Workshop

15 Recommended Research Projects in Order of Ranking
(cont’d.):

0. Evaluate Alternatives to the Total Coliform Indicator

7. Characterizing the Components of the Microbial Community
Responsible for Nitrification

8.  Screening of Methods for Determining the Microbial Ecology of
Distribution Systems

9.  Water Industry Contribution to Epidemiological Studies Involving
Distribution System Water Quality

10. Effects of Disinfectants, Natural Organic Matter and Other Water
Quality Parameters on the Internal Corrosion of Iron Pipe and
Stability of Surface Scales






(AwwaRF SIRP) AwwaRF Strategic
Initiative Research Plan Workshop

15 Recommended Research Projects in Order of Ranking
(cont’d.):

11. Development of Predictive Models for the Formation and Fate of
DBPs in Distribution Systems

12. Occurrence Study of Water Quality Changes in Premise
Plumbing

13. Developing Exposure Estimates of the Contribution on Drinking
Water to Blood Lead Levels using Realistic Integrated Water
Levels

14. Identification of Research Gaps in Defining Biological Stability in
North American Distribution Systems

15. Real-Time Data Fusion to Support Distribution System
Operation and Management
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